AD-A122  691 
UNCLASSIFIED 


AEROSOL  MEASUREMENTS  WITH  A  HIGH  RESOLUTION  1/1 

SPECTROMETER  -  A  SUMMARV  REPORT <U)  AIR  FORCE  GEOPHVSICS 
LAB  HANSCOM  RFB  HA  F  K  DEARBORN  16  AUG  82 
AFGL-TR-82-0225 


F/G  4/1 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS-1963-A 


I®  8^°^  MA  123  691 


AFGL-TR-82-0235 

ENVIRONMENTAL  RESEARCH  PAPERS.  NO.  789 


Aerosol  Measurements  With  a 

High  Resolution  Spectrometer  -  A  Summary  Report 


FRANK  K.  DEARBORN 


16  August  1982 


Approved  for  public  rclcuc;  diitribution  unlimited. 


AERONOMY  DIVISION  PROJECT  6687 

AIR  FORCE  GEOPHYSICS  LABORATORY 

HANSCOM  APB,  MASSACHUSETTS  01731 


DTIC 


SELECTE 

JAM  2  4 1983 


D 


i 


AIR  FORCE  SYSTEMS  COMMAND,  USAF 


ll 


DR.  ALVA  T.  STAIR,  Jr^ 

Chief  Scientist 

Qualified  requestors  may  obtain  additional  copies  from  the 
Defense  Technical  Information  Center.  All  others  should  apply 
to  the  National  Technical  Information  Service. 


SECURITY  CL  ASSlFlCATlON  C  F  This  PAGE  (Whin  Date  Entered) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3  RECIPIENT'S  CATALOG  NUMBER 


4.  TITLE  fand  Sublifl.l 

AEROSOL  MEASUREMENTS  WITH  A  HIGH 
RESOLUTION  SPECTROMETER -A  SUMMARY 

5  TYPE  OF  REPORT  A  PERIOD  COVEREO 

Scientific.  Interim. 

REPORT 

6  PERFORMING  ORG.  REPORT  NUMBER 

ERP  No.  789 

7  authors; 

Frank  K.  Dearborn 

8  CONTRACT  OR  GRANT  NUMBERS m) 

9  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Air  Force  Geophysics  Laboratory  (LKD) 

Ha  ns  com  AFB 

Massachusetts  0173  1 

10  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  6  WORK  UNIT  NUMBERS 

62101F 

66870304 

H  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Air  Force  Geophysics  Laboratory  (LKD) 
Hans  coni  A  LB 

Massachusetts  017  3  1  _  _  _ . 


12  REPORT  DATE 

16  August  1982 

”  NUMBER  OP  PAGES 

4  1 

’5.  SECURITY  CLASS.  fo(  this  report; 

Unclassified 


Dl  STRi  0  j  Ttr.N  ST  atemf.nt  ..j  this  Report  ■ 


Approved  lor  public  release;  distribution  unlimited 


DlST  Rig,..  Ti  S',atfmf.nt  ol  the  abstract  entered  in  Block  20,  il  different  fr  -.it  Report 


St  ra*  os  pile  t'i  • 

Aerosols 

Size  distribute ms 

I’un  i-nlam  sizing  -  Dec!  rnmete  r 

S  AG  K  sola  r  <  i n.  ■(  ion 


r -fenttlv  b,  t.  .,  k  mr.il.rr, 

Hal  loon  borne  i  nstrumenta  tion 
\  (  rtical  aerosol  profiles 
Aerosol  <  oricent ration 


»  A  short  -history  ot  the  development  anil  design  of  the  A  KG  I .  Kps  lion  Labs 
n.a  1  ioon -bo  rie  aerosol  nar'iclc  snect  romete  r  is  presented.  Measurement 
results  lor  a  mamrilv  of  the  flights  conducted  with  this  instrument  are  sum  - 
marized  ami  presented  m  a  compatible  graphic  lorn  at  to  facilitate  intercom  - 
.■orison.  An  impron  d  method  of  computing  air  I  low  and  a  means  ol  correcting 
erroneous  air  Go  data  is  described  which  should  permit,  the  re  -evaluation  and 
orre  tion  >'  carl.'  High:  data.  Aonl  i  cat  ion  ol"  I  lie  foregoing  cnrrei  rive  methods 
'In-  most  recent  flight  data  is  detaileo.  .‘some  pecula  lit  ies  in  this  high  \ 


DD  .‘.a“o  1473 


Liu  lass'  l  ied 

v  Ar;  rr&Tiis  ~ 


Unclassified 

SECURITY  CLASSIFICATION  OF  THIS  P«0£(TWi«n  Dmtm  g(ll«f»l i) 

20.  (Contd) 

resolution  data  are  described  and  a  tentative  explanation  is  proposed. 


Preface 


The  author  wishes  to  express  his  appreciation  for  the  interest,  encouragement 
and  support  provided  bv  Urs.  R.S.  Narcisi  and  R.  E.  Good,  W.K.  Vickery  and  the 
AFGL  management,  without  which  this  work  could  not  have  been  undertaken.  Credit 
is  due  to  P.  E.  Meehan  and  K.  E.  Hoxie,  Bedford  Research  Associates,  for  their 
cooperation  and  excellence  in  handling  all  facets  of  computer  programming  and 
operations.  Also,  the  discussions  and  assistance  contributed  by  Dr.  H.  A.  Miranda, 
Epsilon  Laboratories,  have  been  enlightening  and  helpful  in  conducting  this  investi¬ 
gation. 


Accession  For 

NT1S  GRA&I 

DTIC  TAB 

Unannounced 

□ 

Justification _ 

By 

Distribution/_ 
Availability  Codes 
Avail  and/or 
jDist  |  Special 


3 


Contents 


1.  HISTORY  9 

2.  INSTRUMENTATION  J0 

1  Optics  j0 

2.2  Flow  Control  System  jj 

2.2  Electronics  22 

2.  4  Calibration  and  Performance  13 

2.5  Tape  Format  ,o 

2.  6  Telemetry  U 

2.  AEROSOL  SPECTROMETER  FLIGHTS  15 

3.1  Flight  EX-1.  28  October  1970 

3.2  Flight  FR-1,  17  May  1973  ,7 

3.3  Flight  FR-2,  24  May  1973  17 

3.4  Flight  BR-2,  21  January  1975  22 

3.5  Flight  R  V  - 1 ,  27  May  1980  24 

4.  IN-HOUSE  STUDIES  25 

5.  RY-1  DATA  ANALYSIS  97 


REFERENCES 


4  1 


Illustrations 


Schematic  Drawing  of  the  Aerosol  Spectrometer  Optical  and 
Air  Sampling  Design 

Schematic  Drawing  of  the  Sampling  Gap  Geometry,  Airflow, 
and  Laser  Illumination 

Schematic  Drawing  of  the  Air  Flow  Control  System 

Detailed  Drawing  of  the  Signal  Peak  Detection  and  Data 
Sampling  Sequence 

Typical  Rayleigh  Scattering  Run  Showing  Relative  Contributions 
of  Background  Signal  Components 

Computer  Compatible  Magnetic  Tape  Format  Recorded  at 
800  BPI,  NR2 

Flight  No.  R V -  1 ,  27  May  1980 

Comparative  Size  Resolution  for  the  1970  and  1975  Flights 

Flight  No.  FR-1,  17  May  1972.  Particle  concentration  vs  altitude 

Flight  No.  FR-2,  24  May  1973.  Particle  concentration  vs  altitude 

Flight  No.  FR-2,  24  May  1973.  Particle  concentration  vs  altitude 

Flight  No.  FR-2,  24  May  1973.  Modified  "accordian  effects" 

Flight  No.  BR-2,  21  January  1975.  Particle  concentration  vs 
altitude  three  months  after  the  Fuego  volcanic  eruption 

Comparative  Particle  Concentrations  vs  Altitude  for  the  FR-2 
and  BR-2  Flights  for  Three  Selected  Size  Intervals 

An  Example  of  the  Method  Employed  to  Detect  and  Correct  an 
Error  in  the  RV-1  Data  Formula 

Improvement  in  Tracking  of  the  Flow  vs  Particle  Count  Resulting 
From  Modification  of  the  Flow  Calculational  Method 

Flight  No.  RV-1,  27  May  1980.  Altitude  profile  of  0.  30  /i diameter 
particle  concentration 

Flight  No.  RV-1,  27  May  1980.  Altitude  profile  of  0.31  /Udiameter 
particle  concentration 

Flight  No.  RV-1,  27  May  1980.  Altitude  profile  of  0.32  gi  diameter 
particle  concentration 

Flight  No.  RV-1,  27  May  1980.  Altitude  profile  of  0.33  pdiameter 
particle  concentration 

Flight  No.  RV-1,  27  May  1980.  Altitude  profile  of  0.34  ^diameter 
particle  concentration 

Flight  No.  RV-1,  27  May  1980.  Altitude  profile  of  0.35  pdiameter 
particle  concentration 

Flight  No.  RV-1,  27  May  1930.  Altitude  profile  of  0.36  pdiameter 
particle  concentration 

Flight  No.  RV-1,  27  May  1980.  Particle  concentration  vs  altitude 

Flight  No.  KV-1,  27  May  1980.  Particl  concentration  vs  altitude 


6 


Illustrations 


26.  Flight  Nos.  FR-2  and  RV-1.  Comparative  particle  concentration  vs 

altitude  for  0.  32  to  0.  34  p  diameter  38 

27.  Flight  No.  RV-1,  27  May  1980.  Particle  concentration  vs  altitude, 

6.  064  to  7.  268  km  39 

28.  Flight  No.  RV-1,  27  May  1980.  Computer  printout  of  individual 

records  illustrating  particulate  grown  and  coagulation  39 


Tables 

1.  Flight  No.  RV-1,  27  May  1980  40 


Aerosol  Measurements  With  a  High  Resolution 
Spectrometer  —  A  Summary  Report 

1.  HISTORY 

Development  of  the  AFGL/Episilon  Aerosol  Particle  Spectrometer  was  initiated 
by  Dr.  Kobert  W.  Fenn,  AFGL-OPA,  under  a  competitive  bid  contract  that  was 
awarded  to  GCA  Corp.  ,  Bedford,  Massachusetts.  Development  of  this  instrument 
was  completed  in  FY  1968.  1  Principal  investigator  for  the  project  was  Dr.  Henry  A. 
Miranda,  Jr.  Following  the  formation  of  Epsilon  Laboratories,  inc.  ,  Bedford, 
Massachusetts,  by  the  Principal  Investigator  and  others,  follow-on  contracts  were 
performed  by  this  organization.  Subsequent  to  a  change  in  direction  of  research  in 
the  Optical  Physics  Laboratory,  the  program  was  transferred  to  the  Aeronomy 
Laboratory,  L.KD. 

Aerosol  spectrometer  balloon  flights  of  concern  in  this  report  are  listed  below: 
Flight  No.  Date  Location  Reference  No. 

EX-1  28  Oct  1970  Stallion  Site,  New  Mexico  (2) 

FR-1  17  May  1972  Holloman,  AFB,  New  Mexico  (3) 

FR-2  24  May  1973  Holloman  AFB,  New  Mexico  (3) 

BR-2  21  .Ian  1975  Holloman  AFB,  New  Mexico  (5) 

KV-I  27  May  1980  Holloman  AFB,  New  Mexico  (8) 

(Received  for  publication  12  August  1982) 

1.  Miranda,  II. A.,  Jr.  et  al  (1970)  Aerosol  Counters,  GCA-T  R-70-6-A,  Final 
Report,  Contract  No.  F  1 9628-68-C-0086,  GCA  Corporation. 


2.  INSTRUMENTATION 


2.1  Optics 

The  AFGL/Epsiion  aerosol  spectrometer  is  a  two-channel  high  resolution  for¬ 
ward  scattering  instrument  of  advanced  design,  the  optical  portion  of  which  is  shown 
schematically  in  Figure  1. 
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Figure  1.  Schematic  Drawing  of  the  Aerosol 
Spectrometer  Optical  and  Air  Sampling  Design 


Ambient  air  is  drawn  through  a  1-mm  I.  D.  sampling  tube  under  laminar  flow 
conditions.  A  3 -mm  gap  in  this  tube  is  illuminated  in  a  direction  perpendicular  to 
the  air  flow.  The  source  of  illumination  is  a  highly  collimated  ribbon -shaped  beam 
of  6328  A  HeNe  laser  light  as  diagrammed  in  Figure  2.  The  collimation  feature  is 
most  important  since  it  permits  a  maximum  illumination  of  the  l-nim  interaction 
volume  while  at  the  same  time  maintaining  the  angle  of  incidence  of  the  light  near 
zero  degrees.  The  laser  is  mounted  in  a  pressurized  housing  to  prevent  overheating 
and  high  voltage  arcing  at  the  reduced  ambient  pressures  encountered  during  balloon 
flight. 

Light  scattered  by  a  particle  within  the  interaction  volume  is  collected  bv  two 
annular  systems;  a  lens  for  the  10  ±  5  degree  light  and  an  off-axis  paraboloid -of  - 
revolution  mirror  for  the  30  t  2,5  degree  light.  The  two  collimated  beams  are 
directed  to  individual  PIU  detectors  by  a  pair  of  43-degree  plane  mirrors  mounted 
in  the  central  housing.  The  detectors,  together  with  associated  condensing  lenses 
and  image  apertures,  are  housed  in  two  lateral  arms.  The  image  apertures  are 


rare  Fully  adjusted  to  allow  oniv  the  scattered  light  From  the  interaction  volume  to 
strike  the  PM  detectors.  Unused  light  From  the  laser  beam  passes  axiallv  through 
the  svstem  and  is  absorbed,  thus  reducing  the  back-scattered  laser  light  to  accept¬ 
able  levels  in  the  vicinity  of  the  interaction  volume.  The  system  sensitivity  is 
limited  bv  noise  associated  with  Rayleigh  scattered  light  by  ambient  air  molecules 
within  the  small  interaction  volume,  hence  all  other  sources  of  laser  light  in  the 
vicinity  of  this  vicinity  must  be  reduced  to  one  part  in  1011. 


2.2  Flow  Control  System 

A  controlled  air  flow  for  the  sampling  system  is  provided  by  means  of  an  oil- 
less  carbon  vane  pump  and  critical  orifice  located  at  the  output  end  of  the  sampling 
volume.  Sonic  flow  is  maintained  at  the  throat  of  the  orifice  by  providing  a  sufficient 
pressure  differential  across  the  device.  Flow  rate  is  determined  by  meas’  g  the 

pressure  drop  across  the  1-mm  inlet  tube.  A  differential  pressure  tran3c  r. 

connected  as  in  Figure  3,  is  used  for  this  measurement.  Under  static  con  rs, 
the  flow  rate  at  the  inlet  tube  is  equal  to  the  flow  as  determined  by  the  crib 
orifice.  Under  dynamic  conditions  this  is  not  true,  however.  As  the  ballc  's, 

the  external  pressure  drops,  resulting  in  a  decreased  inlet  flow  rate.  This  '  a 
is  sufficiently  severe  that  at  times  of  rapid  balloon  ascent  the  inlet  flow  may  even 
become  negative,  producing  a  complete  loss  of  data  during  portions  of  the  flight 
upleg.  Upon  descent,  the  reverse  condition  exists,  resulting  in  a  flow  rate  appre¬ 
ciably  greater  than  that  determined  by  the  critical  orifice  rate. 


laminar  flow  < 


sampling  flow  tube 


Figure  2.  Schematic  Drawing  of  the 
Sampling  Gap  Geometry,  Airflow, 
and  Laser  Illumination 


Figure  3.  Schematic  Drawing  of  the 
Air  Flow  Control  System.  A  nominal 
flow  rate  of  200  cm^  is  determined 
by  the  critical  orifice 
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2.1  Klri'lnuiii's 

\s  .m  aiTtwol  particle  transits  the  0.  3 -mm  width  illumination  beam,  output 
pulses  of  a  nominal  50-psee  duration  are  generated  by  the  twin  photomultipliers. 
Special  signal  processing  hardware  has  been  designed  to  ensure  that  the  peak  values 
of  these  pulses  are  accurately  measured.  This  consists  of  a  threshold  circuit 
that  tracks  the  photomultiplier  DC  background  level  and  a  peak  detection  circuit 
tnat  is  gated  wuenever  tne  signal  exceeds  this  threshold  level.  This  latter  circuit 
inspects  the  signals  in  both  channels  for  a  period  of  60  gisee  following  the  threshold 
crossing  in  either  channel  and  provides  an  output  proportional  to  the  peak  value 
thereof  (see  Figure  4).  Coincident  pulses  must  be  present  in  both  channels  to 
qualify  as  a  valid  signal,  thereby  essentially  eliminating  spurious  noise  from  the 
data.  Particle  sizes  are  derived  by  summing  the  signals  from  both  channels.  The 
ratio  of  the  two  channels  is  used  for  diagnostic  purposes  such  as  index  of  refraction 
checks. 

Based  upon  an  absolute  calibration  utilizing  Rayleigh  scattering  from  the  inter¬ 
action  zone  volume  (~  1  mm^l.  it  has  been  ascertained  that  the  minimum  detectable 
pulse  height  corresponds  to  about  100  photocathode  electrons,  hence  particle  size 
detection  limits  are  set  by  noise  in  background  levels  and  not  by  counting  statistics 

per  se.  The  on-board  processing  svstem  accepts  signals  over  a  four-decade  range 
-8  -4 

extending  from  10  A  to  10  A  output  trom  the  photomultipliers,  the  smaller 
current  value  corresponding  to  the  100  photocathode  electron  value  noted  above 
(see  Figure  5). 


DATA  SAMPLING  SEQUENCE 


PEAK  DETECTOR 
Output 


_d60  *isec£__ 


TRIGGERED  PEAK 
DETECTION  GATE 


DATA  INSPECTION  ',/  DATA  PROCESSING 

6875  MS _ ||  3  125  MS 


SAMPLING  INTERVAL.  10  MS 


f  igure  4.  Detailed  Drawing  of  the 
Signal  Peak  Detection  and  Data 
Sampling  Sequence 


SAMPLING  CHAMBER  ABSOLUTE  PRESSURE,  PSI 


Figure  5.  Typical  Rayleigh  Scattering 
Run  Showing  Relative  Contributions  of 
Background  Signal  Components 


Prior  to  the  1975  balloon  flight,  a  method  was  devised  for  periodically  testing 
the  in-flight  performance  of  the  PM  tubes,  amplifiers  and  A/D  converter,  and  the 
required  circuitry  was  added  to  the  instrument.  Every  fourth  minute  an  exponen¬ 
tially  decaying  pulsed  LED  light  source  illuminates  the  twin  photomultiplier  tubes. 
The  LED  source  generates  256  light  pulses  of  about  50- fzsec  duration  whose  ampli¬ 
tudes  decay  with  a  time  constant  of  about  0.  1  second.  Each  pulse  is  synchronized 
with  its  associated  10 -msec  sampling  interval  and  has  an  amplitude  approximately 
four  percent  less  than  the  preceding  pulse.  This  confidence  check  circuit  was  to 
prove  its  worth  on  the  1975  flight. 

The  signal  processing  electronics  include  pulse  peak  detection  circuitry,  crystal 
controlled  clock  and  timing  circuits  which  provide  relative  time  in  hours  and  minutes 
and  synchronizing  pulses  necessary  for  generation  of  basic  timing  functions  for  the 
entire  system,  read-in  circuits  which  control  the  flow  of  information  traffic  through 
the  sequence  of  complex  signal  processing  operation^  being  performed,  A/D  con¬ 
verter  (linear  for  housekeeping  functions,  logarithmic  for  optical  data),  and  mag¬ 
netic  tape  recording  circuitry  which  produces  a  9-track  computer  compatible  out¬ 
put,  including  parity,  CRC  and  LRC  generation. 

2.4  Calibration  and  Performance 

The  aerosol  spectrometer  is  calibrated  with  a  multiplicity  of  polystrene  latex 
spheres  whose  sizes  fall  withinthe  measurement  range  of  the  instrument,  0.  20-  1.  0  n 
diameter,  approximately.  This  procedure  is  used  both  in  the  laboratory  and  prior 
to  each  balloon  flight.  Instrument  sensitivity  to  refractive  index  has  been  checked 
with  various  other  materials.  These  tests  have  shown  the  spectrometer  sizing 
accuracy  to  be  ±  10  percent  within  a  range  of  1.  33  -  1.  60  refractive  index.  For 
data  reduction  purposes,  an  average  refractive  index  of  1.40  ±  O.Oi  is  assumed 
and  the  computer  software  adjusted  accordingly. 

2.5  Tape  Format 

The  recordings  prepared  by  the  aerosol  spectrometer  circuitry  consist  of 
compatible  records  of  20-sec  duration,  adjacent  records  being  separated  by  0.6  in. 
of  unrecorded  tape,  as  shown  in  Figure  6.  Eight  separate  tracks ,  labelled  0—7,  but 
not  in  numerical  sequence,  are  used  for  recording  data  while  the  ninth  track 
labelled  P,  is  used  for  odd  bit  parity  checking.  As  may  be  seen  from  Figure  6, 
the  recording  begins  with  a  16  character  unique  code  followed  by  16  characters 
representing  housekeeping  functions.  At  the  end  of  the  first  32  characters 
the  recording  system  automatically  switches  from  a  housekeeping  mode  to  a 
data  mode  and  the  remaining  3488  characters  are  employed  for  data  recordings. 
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Since  two  characters  are  required  for  each  data  sample  (10°  PM  output  and  30°  PM 
output),  a  total  of  1744  samples  can  be  stored  in  each  record.  Data  are  tape  re¬ 
corded  at  a  speed  of  0.  25  in.  / sec  in  standard  800  bits  per  inch,  NRZ  format.  Con¬ 
sidering  that  the  recorder  is  subjected  to  temperatures  well  below  the  manufacturer's 
rating,  the  unit  performs  remarkably  well.  During  the  last  balloon  flight,  1250 

records  were  taped,  none  of  which  were  lost  due  to  uncorrectable  errors.  This  is 

7 

an  equivalent  of  zero  errors  in  excess  of  2  X  10  bits  of  recorded  information. 

The  tape  format  as  described  was  modified  slightly  in  1974.  Each  64th  sampling 
interval  is  devoted  entirely  to  a  measurement  of  the  background  level.  The  back¬ 
ground  measurement  period  is  of  60-psec  duration  and  occurs  at  the  initiation  of  the 
sampling  interval  so  designated.  The  remainder  of  the  sampling  period  normally 
devoted  to  accepting  input  data  is  blanked  out,  thereby  preempting  the  detection  of 
optical  data  signals. 

2.6  Telemetry 

With  the  cooperation  of  the  AFGL  Balloon  Instrumentation  Group,  LCC, 
arrangements  were  made  to  experimentally  pulse-code  telemeter  the  1980  balloon 
flight.  Although  the  data  rate  on  the  transmission  was  undesirably  high,  results 
were  quite  encouraging.  Data  drop-outs  existed  but  not  to  the  extent  of  seriously 
degrading  the  data.  The  tapes  could  have  been  used  if  the  onboard  recorder  had 
failed. 

3.  AEROSOL  SPECTROMETER  FLIGHTS* 


Re-evaluation  of  data  obtained  by  the  Air  Force  Geophysics  Laboratory  aerosol 
spectrometer  was  initiated  in  September  1980.  The  data  format  shown  in  Figure  7 
was  used  on  all  flights  prior  to  1975.  It  was  felt  that  while  this  format  was  suitable 
for  atmospheric  modeling,  it  did  not  facilitate  the  visualization  of  aerosol  concen¬ 
tration  versus  altitude.  As  a  result,  the  data  were  converted  to  a  new  format. 

This  was  to  prove  a  valuable  tool  for  data  and  aerosol  spectrometer  operational 
analysis. 


*Poiseuille  correction  applied  to  all  data  in  accordance  with  the  I960  Standard 
Atmosphere. 
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Figure  7.  Might  No.  RV-1,  27  May  1980.  This  graph 
presents  particle  size  vs  concentration/cm^/O.  01  p 
diameter  and  is  the  summation  of  ten  records  from 
5.  90  to  6.  22  km  altitude 


3.1  Might  KX-I,  28  October  1970 

The  first  flight^  of  the  aerosol  spectrometer  occurred  under  less  than  ideal 
conditions.  The  source  of  illumination  used  in  the  equipment  was  a  Spectra  Physics 
15-mW  laser.  Unfortunately,  both  the  output  power  and  the  beam  position  were 
temperature  sensitive.  While  the  drift  in  power  output  was  corrected  in  data  pro¬ 
cessing,  the  beam  shift  could  not  be  compensated.  In  addition,  the  illumination 
source  was  circular  with  a  diameter  slightly  less  than  that  of  the  sampling  tube. 
This  latter  condition  produced  very  poor  particle  sizing  resolution  due  to  the  ex¬ 
treme  non-uniformity  of  illumination.  Although  the  data  obtained  from  the  EX-1 
flight  were  far  from  perfection,  it  showed  tiiat  the  instrument  was  fundamentally 
sound  and  could  be  improved  to  meet  the  original  design  specifications.  The 
ribbon  beam  source  presently  employed  was  installed  following  the  EX-1  balloon 


2.  Miranda,  II.  A.,  Jr.,  and  Dulchinos,  J.  (  1972)  A  Halloon-borne  Aerosol  Counter, 
AECUL-7  1-0416,  AD737802.  Pinal  Report.  Contract  No.  P  1  9628-70-C-02G5, 
GC  A  Corporation. 
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flight.  Figure  8  depicts  the  vast  improvement  in  particle  sizing  resolution  after 
modification  of  the  illumination  source. 


AEROSOL  COUNTER 
SIZING  RESOLUTION 
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Figure  8.  Comparative  Size 
Resolution  for  the  1970  and 
1975  Flights.  This  major 
improvement,  accomplished  prior 
to  the  1973  flight  series.  resulted 
from  a  redesign  of  the  optical 
system  and  other  modifications 


3.2  Flight  Fit-1,  17  May  1973 

This  flight'5  was  marred  bv  excessive  variations  in  balloon  ascent  velocity  and 
failure  of  the  air  sampling  pump  at  13.  5  km  on  the  flight  upleg.  The  data  obtained 
(Figure  9)  show  a  very  strange  behavior  of  the  relative  concentration  of  small  and 
large  particles,  specifically,  an  increase  in  small  particles  was  accompanied  by 
a  decrease  in  large  particles.  The  data  plot  resembles  the  folds  of  an  accordion, 
the  amplitudes  of  which  decrease  with  altitude.  Although  all  the  reasons  for  this 
odd  effect  are  not  fully  understood,  it  is  believed  that  the  data  may  be  corrected 
with  new  computer  runs. 


3.3  Hijjlil  FR-2.  21  May  1973 

Flight  FR-2'’  was  very  successful;  balloon  ascent  velocity  was  well  controlled 
and  the  instrument  functioned  throughout  the  entire  flight  which  was  conducted  during 
a  period  when  atmospheric  aerosol  levels  were  relatively  low  as  measured  by 

4 

•  lames  M.  Rosen  and  associates  at  the  University  of  Wyoming. 


3.  Miranda,  II. A.,  .Ir.  ,  Dulchinos,  .1.  ,  and  Miranda,  H.  P.  ( 1 973)  Stratospheric 
Hal  loon  Aerosol  Particle  Counter  Measurements,  AFCRL-T  R-73-0700. 

\  I  >7  7  7  1  3a.  Final  Report,  Contract. \o.  F 1  96  28-7  3-00138,  Epsilon 
I  aboratories. 

I.  Hoffman,  I).  .1.,  and  Rosen,  .1.  M.  (  1  98 1 )  On  the  background  stratospheric 
aerosol  fiver,  .1.  Atmos.  Sci.  38:1. 

-  l/W' 


An  examination  of  the  high  resolution  data  of  Figures  10  and  1  1  reveals  some 
rather  interesting  features.  Between  12  and  26  km  altitudes,  particles  of  0.23 
to  0.  28  4  diameter  exhibit  a  relatively  constant  concentration.  This  is  not  true 
of  the  larger  particles,  however.  For  example,  note  the  pronounced  fluctuations 
in  concentration  for  0.  41  to  0.  67  M  diameters.  An  extren.e  example  of  this  unex¬ 
pected  behavior  appears  in  the  0.  50  to  0.  52  4  data  which  shows  an  order  of  mag¬ 
nitude  drop  in  concentration  at  16.5  km.  Had  the  data  been  plotted  on  a  smaller 
differential  altitude  scale,  the  variation  in  concentration  would  have  been  even 
more  pronounced.  A  final  point  of  interest  is  the  transition  from  more  or  less 
constant  concentrations  with  increasing  altitude  to  a  condition  of  sharply  decreasing 
concentration.  How  abrupt  this  transition  region  may  be  is  unknown  due  to  the 
rather  large  integrated  altitude  interval. 

Particle  concentration  behavior  on  the  high  altitude  upleg,  float,  and  downleg 
portions  of  the  FR-2  flight.  Figure  12,  indicates  that  the  "accordion  effect"  ob¬ 
served  on  the  FK-1  flight  is  still  in  evidence,  although  in  a  different  form.  The 
original  plots  were  derived  from  data  taken  under  more  or  less  constant  balloon 
velocity  conditions,  hence  the  "accordion  effect"  was  not  easily  discernable  under 
these  circumstances.  The  Fli-2  data  has  been  empirically  adjusted  to  compensate 
for  the  "accordion  effect."  This  correction  factor,  although  not  rigorously  proven, 
is  believed  to  bo  reasonable  accurate. 
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Figure  12.  Flight  No.  FR-2, 
24  May  I973.  Modified 
"accordian  effects" 


3.4  Flight  ltR-2,  21  January  1975 

The  choice  of  this'  flight^  date  was  indeed  fortuitous  in  that  an  eruption  of  the 

Fuego  volcano  in  Guatamala  had  occurred  in  mid-October  1974  which  resulted  in 

the  deposition  of  an  intense  stratospheric  dust  layer  over  a  very  wide  geographical 

6  7 

area  as  discussed  by  Volz.  McCormick  and  Fuller  report  results  of  lidar 
measurements  conducted  on  26  November  1974  at  Hampton,  Virginia  in  which  a 
double  dust  layer  was  observed,  specifically,  a  broad  peak  at  approximately  16  km 
and  a  second  peak  at  20  km  about  1-km  in  thickness.  The  aerosol  enhancement  was 
clearly  observable  to  the  nakedeveover  a  broad  geographical  area  by  virtue  of  the 
characteristically  long  and  colorful  sunsets  and  sunrises. 

The  equipment  experienced  abnormally  low  temperatures  on  this  particular 
flight  which  resulted  in  a  low  level  oscillation  in  the  PIV1T  preamplifier  circuits. 
This  oscillation  produced  disturbances  in  the  data  between  0.  43  and  0.  54  p.  This 
condition  was  detected  bv  the  confidence  check  system  previously  described.  Data 
for  this  flight  have  been  smoothed  in  this  particle  regime. 

Results  from  this  flight  are  shown  in  Figure  13  and  are  in  sharp  contrast  to 
the  FR-2  data  obtained  in  1973.  To  facilitate  a  comparison  of  these  flights,  three 
selected  size  intervals  from  each  flight  are  shown  in  Figure  14.  Below  the  Junge 
laver  no  great  differences  in  concentration  are  observable,  with  the  possible  excep¬ 
tion  of  0.  5  M  diameter  or  larger.  The  Junge  layer,  centered  at  19  km,  shows  a 
major  increase  in  concentration  for  all  particle  sizes  after  the  Fuego  eruption. 
Above  the  Junge  layer  the  larger  particles  exhibited  an  increase  in  concentration 
and  were  present  at  appreciably  higher  altitudes. 

5.  Miranda,  II. A.,  Jr.,  and  Dulchinos,  J.  (  1975)  Balloon  Measurements  of 

Stratospheric  Aerosol  Size  Distribution  Following  a  \olcanic  Dust  Incursion, 

A mTTTT R- 7 5 -On  1(1,  A  DAO  1 83  7  2.  Final  Report;  Contract  No.  F19628-75-C- 
0001,  Fpsilon  Laboratories. 

6.  Volz,  !• .  L.  (1975)  \  olcanic  twilight  from  the  Fuego  Eruption,  Science  189:48. 

i.  McCormick.  M.  F.  ,  and  F  uller,  \\  .  11.  ,  Jr.  (1975)  Lidar  measurements  of  two 
intense  stratospheric  dust  layers.  Appl.  Opt.  14:4. 
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Figure  14.  Comparative  Particle  Concentrations  vs  Altitudes 
for  the  F  It- 2  and  BK-2  Flights  for  Three  Selected  Size 
Intervals 


3.5  Flight  RV-I.  27  Mas  1980 

On  the  date  chosen  for  this  flight1*  the  NASA  SAC F  Spacecraft  would  l>e  viewing 
within  a  few  hundred  km  of  our  protected  sampling  region  at  local  sunset,  thereby 
providing  an  opportunity  of  correlating  our  results  with  the  solar  tangential  extine- 
Hon  data  collected  bv  the  spacecraft  instruments.'  At  the  same  time,  the  Ames 
instrumented  aircraft,  whose  mix  of  instruments  included  a  wire  impuetor,  was  to 
have  established  rendevous  with  our  balloon  and  continue  on  to  Wyoming  for  simul¬ 
taneous  measurements  with  .lames  Boson's  dustsonde  balloon  flight,  data  from 
"lm  h  was  to  be  used  as  a  "c, round  Truth"  measurement  for  the  SACK  satellite  uro¬ 
gram.  t  nfortunatelv.  the  Mt.  St.  Helens  volcanic  eruption  interposed  and  the 
■Ames  aircraft  was  diverted  to  measure  that  event. 


Miranda,  H.  A.  ,  dr.  (  It'tiO)  Stratospheric  Aerosol  Measurements,  AFCl.-TH-l 
0.I6G,  A  D.AOP77  1  6.  F  inal  Report,  Contract  No.  -7" -C -0  130, 

I  '.psi  Ion  I  .alviratories. 

McCormick,  M.  I’.  .  Hamill,  P.  .  Pepin,  1  .  .1 .  .  Chtt,  W  .  P.  ,  Swissler,  T..I., 
md  Ml  Master,  i ..  11.  (  It '71' 1  Satellite  st tidies  of  the  st  rat  isolie  ri,  aerosol 
Hull.  V:  .  Met.  Soe.  GO-  10:58. 


At  the  time  of  the  eruption  of  Mt.  St.  Helens,  the  aerosol  level  had  approached 
a  stable  background  level.  ^  Fortunately ,  the  resultant  debris  from  the  eruption  had 
not  reached  the  Holloman  AFB  region  at  the  time  of  the  RV-1  flight.  An  opportunity 
to  obtain  an  aerosol  background  measurement  of  this  nature  may  not  occur  in  one 
or  more  decades,  therefore,  the  information  obtained  from  this  flight  is  of  con¬ 
siderable  importance. 

The  RV-1  balloon  flight  was  launched  at  07:00  MST.  The  rise  rate  was  well 
controlled  and  within  acceptable  limits  during  the  entire  upleg  portion  of  the  flight. 
Upon  reaching  an  altitude  of  approximat  Ty  28  km,  however,  it  was  discovered  that 
the  helium  release  valve  would  not  respond  to  ground  control  signals.  The  maximum 
altitude  reached  was  about  28.7  km,  and  the  flight  was  terminated  as  the  equipment 
temperature  was  becoming  excessive. 

The  Aerosol  spectrometer  functioned  over  the  entire  flight  although,  for 
reasons  still  unknown,  the  air  flow  was  abnormally  low  above  the  15 -km  region. 
Because  of  the  unexpected  flow  behavior,  it  was  decided  to  apply  to  the  RV-1  data 
a  modified  processing  procedure  as  described  below. 


4.  IN-IIOUSF.  STUDIES 

An  important  preliminary  step  in  the  re-analvsis  of  existing  data  was  to  copy 
all  available  flight  tapes  as  a  safety  measure.  It  was  then  necessary  to  modify  all 
computer  programs  originally  written  for  the  Mitre  IBM -360  for  use  on  the 
AFGL  C'LK  -6600  computer  system.  This  work,  performed  ably  by  Bedford 
Research  Associates,  required  a  considerable  amount  of  time  and  effort  as  the  two 
computer  systems,  while  speaking  a  common  language,  have  distinctly  different 
dialects.  Additional  programs  were  written  to  assist  in  this  data  study. 

An  examination  of  the  "accordian  effect'  depicted  in  Figures  h  and  12  shows 
clearly  that  it  is  related  to  balloon  velocity.  This,  in  turn,  points  to  possible 
errors  in  air  flow  measurements,  although  the  exact  relationship  could  not  be 
established  in  lf'73  because  of  the  lack  of  additional  data  runs.  In  any  event,  this 
could  only  partially  explain  the  observed  facts. 

A  careful  consideration  of  the  possible  sources  of  error  in  the  aerosol  measure¬ 
ments  performed  with  this  instrument  mav  ascribe  them  to  four  categories: 

(a)  Flow  meter  error  — this  mav  arise  from  initial  calibration  errors,  hyster¬ 
esis  effects  and  changes  in  calibration  during  flight. 

(b)  Flow  calculation  error —affects  all  particle  concentration  calculations 
proportionally. 

(c)  Pulse  height  measurement  error- this  may  occur  under  reduced  flow  con¬ 
ditions  as  the  pulse  length  is  inversely  proportional  to  flow  rate.  If  the  peak  ampli- 


tuiif  ill  ,  pulse  ori  lips  till* i*  Hie  sampling  gate  is  closed.  »:ic  mmsuivd  pulse  unci 
corresponding  particle  si/v  is  loss  *11.111  i*  s  true  value  .aid  result.-  m  a  1  enlist  ribu  - 
lion  ol  particle  sizes.  Duniifi  tin-  downleg  portion  ul  a  balloon  flight  the  How  rate 
mas  be  appreciably  givati-i-  than  file  norm  and  the  photomultiplier  pulses  .ue 
shortened  accordingly.  11  tlie-  I’.MT  amplifiers  be  oi  insufficient  bandwidth,  the 
pulses  will  not  resell  full  amplitude  which  also  results  in  the  undersizing  oi  particles. 

(d)  Altitude  calculation  error  — the  usage  of  the  arithmetir  mean  altitude,  can 
under  some  et reumstances,  lead  to  disturbances  in  the  plotted  data  and  is  a  function 
of  the  concent  ration  slope. 

The  foregoing  error  sources  may  be  present  singly  or  in  any  combination 
thercol.  1  his  presents  •  rather  complex  analytical  problem. 

Determination  of  the  particulate  convent  ration  is  critically  dependent  upon  an 
accurate  measurement  and  calculation  of  the  total  volume  of  air  sampled  per  record. 
.Measurement  of  this  parameter  has  proven  less  than  satisfactory  due  to  unreliability 
oi  the  flowmeter  units  employed.  Balloon  flights  through  liti'3  used  a  potentiometrie 
transducer  which  was  subject  to  hysteresis  effects  as  well  as  possible  offset  and 
nonlinea ritv  if  the  unit  was  subjected  to  accidental  overpressure.  The  transducer 
used  on  the  1 ! •  Bight  series  had  sustained  damage,  either  by  overpressure  or  a 
hard  landing.  U  hen  this  damage  occurred  is  not  known.  For  tile  1975  and  19110 
flights,  the  original  flowmeter  was  replaced  with  a  variable  reluctance  type  trans¬ 
ducer.  Tlii-  performance  of  this  device  has  been  more  satisfactory,  although  re¬ 
placement  oi  tins  unit  with  a  more  rugged  version  is  desirable. 

flie  variable  air  flow  experienced  during  the  balloon  flights  as  detailed  in 
Section  2.  2,  whilcfundanicntally  undesirable,  provides  a  means  of  checking  the 
calibration  and  performance  of  the  flowmeter  under  flight  conditions.  This  may 
be  accomplished  under  the  following  assumptions: 

(a)  1'he  number  of  particles  detected  is  proportional  to  the  volume  of  air 
sampled  per  record. 

(b)  flic  number  of  particles  per  record  or  multiple  records  at  a  given  flow 
rate  is  sufficiently  large  statistically. 

(e)  Over  limited  differential  altitudes,  the  particle  concentration  is  relatively 
constant.  As  an  example,  note  the  constancy  of  the  0.  23  to  0.  28  particle  concen¬ 
tration  between  12  and  28  km  for  the  1  I { - 2  flight  (see  f  igure  10). 

file  air  flow  varies  over  a  rather  wide  range  during  most  of  a  ballon  flight. 

This  should  provide  adequate  data  for  analysis  of  the  flowmeter  operation.  This 
corrective  procedure  should  he  applicable  even  under  disturbed  conditions  such  as 
those  following  the  f  uego  eruption. 

To  test  the  foregoing  theory,  new  computer  programs  were  devised  to  obtain 
the  necessary  information  in  concise  form.  Tile  method  of  flow  calculation  pre¬ 
viously  used  assumed  iln-  flow  rate  to  be  constant  for  a  period  greater  than 
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17  seconds.  For  individual  records,  this  does  not  permit  calculation  of  the  flow 
rate  with  sufficient  accuracy,  and  the  program  was  modified  to  calculate  the  mean 
flow  at  the  midpoint  of  the  data  measurement  period.  This  has  proven  quite  satis¬ 
factory  and  has  been  incorporated  in  the  main  data  reduction  program. 


5.  RV-1  DATA  ANALYSIS 

A  complete  reduction  and  plotting  of  the  available  data  in  a  standard  format  was 
undertaken  as  an  in-house  project  as  the  contractor's  Final  Report  on  the  RV-1 
flight  included  information  between  0.  30  and  0.  36  p  only.  The  initial  task  was  an 
evaluation  of  any  possible  effects  on  the  data  due  to  an  abnormally  low  air  flow  ex¬ 
perienced  on  this  flight.  Of  particular  interest  was  the  region  near  zero  or  reverse 
flow.  An  example  of  this  investigation  is  shown  in  Figure  15.  The  leading  and 
lagging  phase  shift  of  the  flow  curve  is  the  result  of  modification  in  the  flow  calcu¬ 
lation  procedure  The  tracking  phase  between  the  flow  and  number  of  particles 
counted  per  record  is  rather  good  as  may  be  observed  in  Figure  16. 

A  computer  printout  was  obtained  tabulating  the  total  number  of  particles  and 
the  calculated  flow  rate  per  record  for  the  entire  flight.  Referring  again  to  Fig¬ 
ure  15,  it  will  be  seen  that  no  particles  were  detected  between  Records  No.  518 
through  No.  524  although  the  original  flow  calculations  indicated  a  continuous  flow. 
The  same  condition  was  noted  over  various  portions  of  the  flight  and  it  was 
concluded  that  t he  formula  used  to  compute  the  flow  rate  was  in  error.  A  review 
of  the  pre-flight  flowmeter  calibration  proved  this  assumption  true  and  the  formula 
was  modified  accordingly.  The  flight  tape  was  completely  reprocessed  using  essen¬ 
tially  the  same  data  blocks  originally  employed  by  Epsilon  Laboratories,  with  the 
exception  of  small  portions  of  the  tape  involving  inadequate  or  zero  air  flow.  Fig¬ 
ures  17  through  23  present  corrected  data  between  0.  30  and  0.  36  p  in  0.  01 -p  inter¬ 
vals  in  the  same  format  used  in  the  Epsilon  Laboratories  F  inal  Report. 

As  previously  noted,  the  stratospheric  aerosol  burden  was  at  an  unusually  low 
level  and  had  reached,  or  closely  approached,  a  stable  background  condition  and 
was,  in  fact,  considerably  lower  than  during  the  FR-2  flight  in  197  3.  While  un¬ 
doubtedly  many  volcanic  events  had  occurred  between  197  5  and  the  RF-1  flight  in 

1980,  apparently  these  eruptions  were  of  insufficient  strength  to  inject  an  appre- 
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ciable  amount  of  material  into  the  stratosphere. 

The  RF-1  flight  data.  Figures  24  and  25,  show  that  essentially  no  particles  of 
0.  38-p  diameter  or  greater  were  present  above  the  troposphere.  This  differs 
markedly  from  the  FR-2  measurement.  Figures  10  and  11,  which  show  the  presence 
of  much  larger  particles  within  and  well  above  the  Junge  layer.  The  concentration 
of  the  smaller  particles  measured,  however,  is  essentially  the  same  for  both  flights. 
F  igure  26  illustrates  the  remarkably  close  agreement  in  concentration  versus  alti¬ 
tude  above  15  km  for  particles  of  0.  32  to  0.  34  p  diameter.  This  agreement  adds 
confidence  as  to  the  validity  of  the  RV-1  data. 
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27  May  1980.  Altitude  profile  of  0.  30  p  diameter  particle  concentration 
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Figure  20.  Flight  No.  RV-1,  27  May  1980.  Altitude  profile  of  0.33  ju  diameter  particle  concentration 
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RV-1,  27  May  1980.  Altitude  profile  of  0.36  ji  diameter  particle  concentration 


Flight  No.  RV-I,  27  May  1980.  Particle  concentration  vs  altitude 


Particle  concentration  vs  altitude 
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Figure  26.  Flight  Nos.  FR-2  and  RV-1.  Comparative  particle 
concentration  vs  altitude  for  0.  32  to  0.  34  p  diameter 


The  13  to  15  km  region  of  the  RV-1  flight  is  quite  interesting.  Very  thin  cirrus 
clouds  were  present  at  the  9  km  level  during  the  flight.  An  examination  of  Fig¬ 
ure  25  data  shows  a  strong  enhancement  in  the  concentration  of  larger  particles  at 
several  altitudes,  although  no  clouds  were  observed  visually.  One  region  of 
particular  interest  (6.  064  to  7.  268  km)  is  detailed  in  Figure  27  and  Table  1.  The 
change  in  concentration  with  altitude,  when  examined  on  a  record-by- record  basis, 
is  much  more  abrupt  than  shown  graphically,  the  maximum  rate  being  a  factor  of 
two  at  6.  553  km  over  a  vertical  distance  of  20  meters. 

Figure  7,  a  summation  of  10  records  over  a  differential  altitude  of  0.  3  km, 
reveals  some  rather  unexpected  information.  It  may  be  seen  that  there  is  a  tend¬ 
ency  for  discrete  particle  sizes  to  exist,  surrounded  by  regions  of  smaller  or  zero 
particle  concentration.  The  points  labelled  A_  on  the  graph  are  inter- related  bv  a 
common  diameter  ratio  of  1.  26,  corresponding  to  a  volume  ratio  of  two,  which 
indicates  coagulation  between  particles  of  like  diameter,  under  the  assumption  that 
the  particles  are  in  the  liquid  state.  In  like  manner,  the  origin  of  the  0.  77,  0.  82 
and  0.  87  p  particles  may  be  traced  back  one  or  more  steps.  \  olumetric  combina¬ 
tion  ratios  of  2:1,  3:2  and  so  on,  have  also  been  found.  Figure  28,  a  short  portion 
of  computer  printout  from  the  RY-1  flight  shows  three  cases  of  the  coagulation  of 
equal  diameter  particles.  Additionally,  the  growth  and  shrinkage  of  particles  in 
response  to  variable  ambient  conditions  may  readily  be  observed. 
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Figure  27.  Flight  No.  RV-1,  27  May  1980.  Particle  concentration 
vs  altitude,  6.  064  to  7.  268  km 
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Figure  28.  Flight  No.  »V-1,  27  May  1980. 
Computer  printout  of  ir.  dual  records 
illustrating  particulate  g*  h  and  coagulation 


A  close  examination  of  many  such  records  indicates  this  phenomenon  to  be 
quite  prevalent  in  the  data.  Such  j  high  degree  of  internal  correlation  cannot  be 
accounted  for  on  a  statistical  basis  alone.  It  has  been  determined  that  the 
phenomenon  observed  may  exist  to  at  least  28  km. 
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Hie  information  presented  in  this  report  is  <>h,r.M-l.  •  • 

data  obtained  by  the  high  resolution  aerosol  spec  f  roin.-*,  .  . 

highly  complex,  it  should  be  noted  that  only  the  R\  -  I  iiien*  a 
a  critical  review.  Those  interested  in  the  data  plotted  m  n  ■ » i . 
ol'  concentration  versus  size  at  various  altitudes  should  <  n;i.vi!‘ 
Epsilon  Laboratories  l-'inal  Reports.  Kega  rdless  of  t  he  lorm  a 
presentation  of  such  complex  data  is  necessarily  incomplete, 
fore,  that  computer  tapes  of  corrected  and  reduced  data,  alone 
information,  muv  be  made  available  to  the  scientific  roinimmit 
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